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Summary
Background: Previous studies have suggested that maternal cigarette smoking and
alcohol drinking during pregnancy may increase risk for febrile convulsion during
childhood. We evaluated the relationship of maternal smoking, alcohol drinking, and
their interaction on febrile convulsion.
Method: Pregnant women (n = 10,108) enrolled in the Child Health and Development
Studies in California between 1959 and 1966 were interviewed about their habits
during pregnancy and febrile convulsions of the child were ascertained soon after an
event.
Results: Febrile convulsions were reported in 2.9% of children of mothers who both
smoked and drank alcohol, 2.0% for children of mothers who smoked but did not drink,
1.5% for children of mothers who drank but did not smoke and 2.1% of children of
mothers who neither smoked nor drank. After adjusting for covariates, children of
smokers who did not drink and children of drinkers who did not smoke did not have a
significant hazard for febrile convulsion, compared to children of non-smokers non-
drinkers. However, children of smokers who drank had a 30% increased hazard of
febrile convulsion (95% CI = 1.0, 1.9). The interaction term for smoking and alcohol
drinking was significant in the multivariable model ( p = 0.02).
Conclusion: These results suggest that children of mothers who both smoke and drink
alcohol during pregnancy may have a higher risk for febrile convulsions.
# 2007 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.* Corresponding author. Tel.: +1 510 642 3997;
fax: +1 510 643 5163.
E-mail address: fvahid@berkeley.edu (F. Vahidnia).
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Febrile convulsions, occurring in 3—4% of all chil-
dren, are the most common form of pediatric. Published by Elsevier Ltd. All rights reserved.
Maternal smoking and alcohol drinking 321convulsions.1,2 Although a febrile convulsion is
usually a single benign event, 30% of children will
experience a recurrence,2 and some have an
increased risk of developing epilepsy in later life.
The etiology of febrile convulsions is largely
unknown. Genetic predisposition plays an important
role.1,3,4 In at least one study, younger maternal
age, non-white ethnicity, and lower socioeconomic
status5,6 have been associated with an increase in
risk; however, others have found no association with
race7,8 and socioeconomic status.6 Mother’s medical
conditions such as pre-eclampsia have also been
associated with febrile convulsion.9 Febrile convul-
sions have been found to be more frequent in
males,10 in premature or low birthweight children,10
in children with hyperbilirubinemia,9 and in bottle
fed children.10
Both maternal cigarette smoking and alcohol
drinking have been found to be independent risk
factors for febrile convulsion.5,11—13 In case—control
studies, maternal smoking during, but not after,
pregnancy has been associated with a 50%5,11 to
300%11 increased risk of febrile convulsion and with
a significant dose-related relationship.5,11 Nelson
and Ellenberg,12 using data of over 50,000 births
from the Collaborative Perinatal Project, reported
an association between maternal smoking and feb-
rile convulsion; however, they did not control for
other covariates. This association was not confirmed
in another study using data from a British National
Cohort.10 Vestergaard et al.13 studied two sets of
birth cohorts from Danish National Hospital Register
during almost the same time period and reported
25% increased risk of febrile convulsions among
children exposed to 10 or more cigarettes per day
in one cohort, but found no such association among
the second one.
The relationship of maternal alcohol drinking and
febrile convulsion was examined in some previous
studies.5,13 Cassano et al.5 found an increased odds
of 2.2 for prenatal alcohol drinking and complex or
atypical febrile convulsions (lasting more than
15 min, lateralized, or recurrent), controlling for
maternal smoking, with a significant dose-related
effect; however, maternal alcohol consumption was
not associated with simple or typical febrile con-
vulsion (single, short and generalized). Vestergaard
et al.13 evaluated the relationship between prenatal
alcohol exposure and both simple and complex feb-
rile convulsion and found no association. Neither of
these studies examined the interaction of smoking
and alcohol drinking.
Women who smoke are also more likely to drink
alcohol.14 In utero exposure to both smoking and
alcohol could pose a greater risk for febrile convul-
sions in the child. Thus, the purpose of the presentstudy was to evaluate the relationship of maternal
smoking, alcohol drinking, and their interaction on
febrile convulsion.Methods
Population
The study population was comprised of 20,754 preg-
nant women who participated between June 1959
and September 1966 in the Child Health and Devel-
opment Studies (CHDS) in the San Francisco-East Bay
Area. The participants were socioeconomically and
ethnically diverse. We included those women who
gave birth to a singleton live birth (n = 18,885). We
excludedwomenwho did not provide information on
smoking or alcohol drinking during pregnancy
(n = 3957 and 1718, respectively). Since some
women (n = 2935) had more than one pregnancy
during the study period, we randomly selected
one pregnancy for each woman. An additional 167
children were lost to follow-up. The final sample
included 10,108 mother—child pairs: 1898 with
mothers who smoked and drank alcohol, 1696 who
smoked only, 2388 who drank alcohol only, and 4126
who neither smoked nor drank alcohol. Frequency of
febrile convulsion in the final sample was not sig-
nificantly different from corresponding frequency in
the excluded sub-sample with missing information
on smoking or alcohol drinking.
Mothers smoking and drinking status
During the first interview in early pregnancy (95% of
women had their first interview before the 20th
week gestation),15 women were questioned about
general medical and reproductive history, socio-
demographic characteristics, and lifestyle habits
including smoking and drinking. Women were clas-
sified as smokers if they reported to have smoked
during the current pregnancy. Smoking consumption
was categorized as 1—4, 5—9, 10—14, 15—19, 20—
29, 30—39, 40—60, >60 cigarettes/day. For our
analysis, we collapsed these categories into three
levels (1—9, 10—19, 20 cigarettes/day). Women
were asked about the number of glasses or bottles of
beer, glasses of wine, and cocktails or drinks of
whiskey consumed per week. Given the similar
amount of absolute alcohol in each unit, all drinks
were summed to obtain the total number of drinks
per week. The mothers were considered as alcohol
drinkers if they consumed more than one drink of
alcohol per week. In order to examine the dose
relationship, alcohol drinking dose was categorized
as <2, 2—4, 4—6, and > 6 drinks per week.
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A pediatric card was created for each infant and
information was added for every medical visit, hos-
pitalization, or special examination for at least the
first 5 years of each child’s life; however febrile
convulsion was diagnosed as late as age 6 for some
children. A detailed history of the convulsion was
obtained from the parent, and confirmed by the
pediatrician shortly after a convulsion episode.16
Convulsions were coded as single non-febrile, multi-
ple non-febrile, or febrile. Whenever a convulsion
occurred concurrently with a high fever and sys-
temic infection, it was classified as febrile.16 Cases
were defined as children with a diagnosis of febrile
convulsion; otherwise they were grouped as non-
cases.
Statistical analysis
Frequency of febrile convulsions by smoking and
alcohol drinking categories were analyzed using
Cox regression models, which yielded estimates of
the hazard ratio (HR) and 95% CI. Children were at
risk until their first febrile convulsion, if any, or until
the last time observed (censored). To evaluate
whether or not the data satisfied the proportional
hazard assumptions, we plotted log—log survival
functions for the four smoking and alcohol drinking
categories. In addition, we used different time
dependent variables in our models and did not find
any obvious violation of proportional hazard
assumptions. Ties in failure times were handled
by the exact method.
Potential covariates were selected from the lit-
erature based on their association with febrile con-
vulsion. The following variables derived from the
prenatal interview or medical records were consid-
ered as potential confounders: maternal age, race,
educational level, parity, and history of pre-eclamp-
sia, epilepsy or hypertension; history of epilepsy in a
previous child; paternal social class based on the
method described by Krieger17 and smoking; and,
child’s sex, birthweight, gestational age, and pre-
sence of severe congenital anomaly.
We used simple imputation for missing data on
variables with less than 10% missing information
(ranging between 1 and 6% missing). For continuous
variables (maternal age, and gestational age), we
substituted missing values with the sample mean.
For categorical variables (race, education, maternal
history of epilepsy and hypertension, history of
epilepsy in previous child, social class, and father’s
smoking), we assigned a random category according
to the distribution frequency of the non-missing
data.Covariates with a p-value less than 0.2 in the
multivariable analysis were included in the model.
In addition, we performed forward, backward and
stepwise selection in order to reach our final model.
These selection methods produced almost the same
multivariable models. The final multivariable model
included infant sex, birthweight and severe conge-
nital anomaly in addition to the smoking and drink-
ing variables. The likelihood ratio tests for trend
were used to determine whether increasing levels of
cigarette smoking and alcohol drinking were asso-
ciated with increased risk. All analyses were per-
formed using SAS software Version 8.01.18Results
Table 1 presents the socio-demographic character-
istics and pregnancy, medical and family history of
the mothers and their children for each category of
smoking and alcohol drinking. Our study population
was primarily white, with 12 or more years of edu-
cation, and multiparous. Forty-one percent of
mothers neither smoked nor drank alcohol during
pregnancy, 17% smoked but did not drink alcohol,
24% did not smoke but drank alcohol, and 19% did
both. Compared to non-smoking mothers, smokers
tended to have infants with lower birthweight and
shorter gestational age.
We observed an unadjusted HR of 1.3 for febrile
convulsion among children of smokers compared to
children of non-smokers (95% CI = 1.0, 1.8) regard-
less of drinking habits, and a non-significant unad-
justed HR of 1.1 for febrile convulsion among
children of alcohol drinkers compared to children
of non-drinkers (95% CI = 0.8, 1.4) regardless of
smoking habits (data not shown). The highest
monthly incidence of first febrile convulsion among
the study children was between 1 and 2 years of age
(data not shown).
As shown in Table 2, febrile convulsions were
reported in 2.9% of children of mothers who both
smoked and drank alcohol, 2.0% for children of
mothers smoked but did not drink, 1.5% for children
of mothers who drank but did not smoke and 2.1% of
children of mothers who neither smoked nor drank.
After adjusting for covariates, children of smokers
who did not drink alcohol (adjusted HR = 0.9, 95%
CI = 0.6, 1.4) and children of alcohol drinkers who
did not smoke (adjusted HR = 0.7, 95% CI = 0.5, 1.1)
did not have a significant hazard for febrile convul-
sion. However, children of smokers who drank alco-
hol had a 30% increased hazard of febrile convulsion
(95% CI = 1.0, 1.9) compared to children of non-
smokers, non-alcohol drinkers. In addition, children
of smokers who drank alcohol had an 80% increased
Maternal smoking and alcohol drinking 323
Table 1 Socio-demographic characteristics, pregnancy, medical and family history by smoking and alcohol drinking
status, Child Health and Development Studies, Oakland, California, 1959—1966
Characteristic Non-smokers,
non-alcohol drinkers
n = 4126 (40.8%)
Smokers, non-
alcohol drinkers
n = 1696 (16.8%)
Non-smokers,
alcohol drinkers
n = 2388 (23.6%)
Smokers, alcohol
drinkers n =
1898 (18.8%)
Mother characteristics
Age (years)
Mean (S.D.) 27 (6.1) 25 (5.9) 29 (5.6) 28 (5.7)
Race/ethnicity, n (%)
White 2,337 (56.6) 1,144 (67.5) 1,910 (80.0) 1,461 (77.0)
Black 1,181 (28.6) 411 (24.2) 332 (13.9) 369 (19.4)
Other 608 (14.7) 141 (8.3) 146 (6.1) 68 (3.6)
Education (years), n (%)
<12 696 (16.9) 508 (30.0) 208 (8.7) 294 (15.5)
12 1,672 (40.5) 768 (45.3) 755 (31.6) 714 (37.6)
>12 1,758 (42.6) 420 (24.8) 1,425 (59.7) 890 (46.9)
Pregnancy history
Parity, n (%)
0 1,473 (35.7) 525 (31.0) 911 (38.2) 619 (32.6)
1 981 (23.8) 438 (25.8) 543 (22.7) 434 (22.9)
2+ 1,672 (40.5) 733 (43.2) 934 (39.1) 845 (44.5)
Pre-eclampsia, n (%)
No 4,084 (99.0) 1,675 (98.8) 2,354 (98.6) 1,885 (99.3)
Yes 42 (1.0) 21 (1.2) 34 (1.4) 13 (0.7)
Medical/family history
History of epilepsy in mother, n (%)
No 4,120 (99.9) 1,693 (99.8) 2,386 (99.9) 1,897 (100.0)
Yes 6 (0.2) 3 (0.2) 2 (0.1) 1 (0.1)
History of hypertension in mother, n (%)
No 4,045 (98.0) 1,676 (98.8) 2,345 (98.6) 1,868 (98.4)
Yes 81 (2.0) 20 (1.2) 34 (1.4) 30 (1.6)
History of epilepsy in siblings, n (%)
No 4,116 (99.8) 1,694 (99.9) 2,386 (99.9) 1,893 (99.7)
Yes 10 (0.2) 2 (0.1) 2 (0.1) 5 (0.3)
Father’s social class, n (%)
Non-professional 2,756 (66.8) 1,313 (77.4) 1,072 (44.9) 1,143 (60.2)
Professional 1,370 (33.2) 383 (22.6) 1,316 (55.1) 755 (39.8)
Father’s smoking during pregnancy, n (%)
No 1,950 (47.3) 339 (20.0) 1,038 (43.5) 396 (20.9)
Yes 2,176 (52.7) 1,357 (80.0) 1,350 (56.5) 1,502 (79.1)
Child characteristics
Sex, n (%)
Female 2.044 (49.5) 828 (48.8) 1.196 (50.1) 932 (49.1)
Male 2.082 (50.5) 868 (51.2) 1.192 (49.9) 966 (50.9)
Birthweight (g)
Mean (S.D.) 3,363.6 (533.5) 3,186.9 (543.4) 3,398.3 (520.0) 3,198.5 (538.7)
Gestational age (days)
Mean (S.D.) 280.1 (17.3) 278.7 (19.0) 281.7 (16.7) 279.9 (18.6)
Infant resuscitation, n (%)
No 3.723 (90.2) 1,552 (91.5) 2.176 1.725 (90.9)
Yes 403 (9.8) 144 (8.5) 210 (8.8) 173 (9.1)
Severe congenital anomaly, n (%)a
No 3.979 (96.4) 1,635 (96.4) 2.287 (95.8) 1.819 (95.8)
Yes 147 (3.6) 61 (3.6) 101 (4.2) 79 (4.2)
S.D. = standard deviation.
a Congenital anomaly that is potentially life threatening, or that, if not corrected would impair the child’s development or well-
being.
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Table 2 Unadjusted and adjusted hazard ratiosa and 95% CI for febrile convulsion from Cox regression models, Child
Health and Development Studies, Oakland, California, 1959—1966
Febrile
convulsion
No febrile
convulsion
Unadjusted Adjusted
n (%) n (%) HR 95% CI HR 95% CI
Non-smokers, non-alcohol drinkers 85 (2.1) 4041 (97.9) 1.0 1.0
Smokers, non-alcohol drinkers 33 (2.0) 1663 (98.1) 1.0 0.6, 1.4 0.9 0.6, 1.4
Non-smokers, alcohol drinkers 36 (1.5) 2352 (98.5) 0.7 0.5, 1.1 0.7 0.5, 1.1
Smokers, alcohol drinkers 55 (2.9) 1843 (97.1) 1.4y 1.0, 2.0 1.3z 1.0, 1.9
Non-smokers, alcohol drinkers 36 (1.5) 2352 (98.5) 1.0 1.0
Smokers, alcohol drinkers 55 (2.9) 1843 (97.1) 1.9y 1.3, 3.0 1.8y 1.2, 2.8
Smokers, non-alcohol drinkers 33 (2.0) 1663 (98.1) 1.0 1.0
Smokers, alcohol drinkers 55 (2.9) 1843 (97.1) 1.5 1.0, 2.3 1.5 1.0, 2.3
a Adjusted for infant sex, birthweight, and severe congenital anomaly.
y P < 0.01.
z P < 0.1.hazard of febrile convulsion compared to children of
non-smokers who drank alcohol (95% CI = 1.2, 2.8).
The log—log survival plot (Fig. 1) confirms that the
greatest hazard of febrile convulsion is among chil-
dren whose mothers both smoked and drank during
pregnancy.
Heavy alcohol drinking (>6 drinks per week) was
not significantly different among smokers (29%) vs.
non-smokers (25%). There was no evidence of a
dose-associated relationship of smoking among
alcohol or non-alcohol drinkers (Table 3) or drinking
dose among smokers or non-smokers compared to
those who do neither (t-test for trend among smo-
kers = 0.44, p = 0.66, and among non-smo-
kers = 1.36, p = 0.17, respectively). However, the
interaction term for smoking (ordinal variable:
none, 1—9, 10—19, and >20 cigarettes/day) and
alcohol drinking (yes/no) was significant in the mul-
tivariable model (p = 0.02).Figure 1 The log—log survival plot by mother’s smoking
and drinking status, Child Health and Development Stu-
dies, Oakland, California, 1959—1966.Discussion
The results of this study suggest that children of
mothers who both smoke and drink alcohol have a
greater risk for febrile convulsion than those who do
neither. This association is independent of infant’s
sex, birthweight, and severe congenital anomalies.
However, we did not observe a harmful effect of
smoking among non-alcohol drinkers nor of alcohol
drinking among non-smokers. Thus, our findings
support only in part the previously reported associa-
tion of smoking and febrile convulsion,5,11,13 and of
alcohol drinking and complex febrile convulsions.5
Greenwood et al.,10 using data from the 1970
British National Cohort Study, reported no associa-
tion of febrile seizures and maternal smoking, but
did not examine the potential interaction of smok-
ing with alcohol. In that study, smoking history wasobtained after delivery and children were identified
as having had a febrile seizure, in some cases, many
years after the event. In the present investigation,
smoking history was obtained during the pregnancy,
and the children were examined by a physician
almost immediately after the convulsive event.
In the present study, the significant association of
smoking and febrile convulsion among alcohol drin-
kers only, could not be due to different smoking
habits between non-alcohol drinkers and alcohol
drinkers. Although alcohol drinkers tended to smoke
more cigarettes per day (20 cigarettes/day) than
non-alcohol drinkers (data not shown), we did not
observe a dose-associated relationship of smoking
and febrile convulsion in either group.
Nelson and Ellenberg12 suggested that an
increased risk of febrile convulsion with maternal
smoking may have been caused by the child’s post-
natal rather than prenatal exposure.12 Postnatal
passive smoke exposure is a potential confounding
factor that we could only examine indirectly by
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Table 3 Unadjusted and adjusted hazard ratiosa and 95% CI for febrile convulsion from Cox regression models
according to increasing dose of smoking, Child Health and Development Studies, Oakland, California, 1959—1966
Febrile
convulsion
No febrile
convulsion
Unadjusted Adjusted
n (%) n (%) HR 95% CI HR 95% CI
Non-smokers, non-alcohol drinkers 85 (2.1) 4041 (97.9) 1.0 1.0
Smokers, non-alcohol drinkers
1—9 cigs/day 14 (2.3) 604 (97.7) 1.1 0.6, 2.0 1.1 0.6, 1.9
10—19 cigs/day 10 (2.2) 454 (97.8) 1.1 0.5, 2.0 1.0 0.5, 2.0
20+ cigs/day 9 (1.5) 605 (98.5) 0.7 0.4, 1.4 0.7 0.3, 1.4
Non-smokers, alcohol drinkers 36 (1.5) 2352 (98.5) 0.7 0.5, 1.1 0.7 0.5, 1.1
Smokers, alcohol drinkers
1—9 cigs/day 17 (2.9) 569 (97.1) 1.4 0.8, 2.4 1.3 0.8, 2.3
10—19 cigs/day 12 (2.7) 438 (97.3) 1.3 0.7, 2.4 1.3 0.7, 2.4
20+ cigs/day 26 (3.0) 836 (97.0) 1.5y 1.0, 2.3 1.4 0.9, 2.2
a Adjusted for infant sex, birthweight, and severe congenital anomaly.
y P < 0.1.examining paternal smoking during pregnancy and
assuming that this also reflected the father’s post-
natal habits. We found no relationship of febrile
convulsions and paternal smoking habits during
pregnancy. This result is consistent with Berg
et al.,11 who found amarginally significant threefold
higher risk for the child’s prenatal exposure to
cigarette smoke, but no relationship with postnatal
exposure. However, given that most women who
smoke during pregnancy will continue to smoke
afterwards, it is difficult to separate out the effects
due to prenatal vs. postnatal exposure.
The child temperature at the time of convulsion is
an important risk factor for febrile convulsion.11
However, information on temperature was not col-
lected in our data, and history of respiratory or
gastrointestinal infections could not be used as sur-
rogates for temperature because of a high proportion
ofmissing information. Berg et al.11 found significant
protective association between gastroenteritis and
febrile convulsion unexplained by temperature.
Their findings suggest that gastrointestinal illness
may be less likely lead to febrile convulsion. It
remains possible that prenatal exposure to cigarette
smoke per se does not directly increase risk for a
febrile convulsion. An alternative hypothesis may be
that a child’s postnatal exposure to environmental
tobacco smoke may increase his/her risk for upper
respiratory infections whichmay in turn increase risk
for the febrile illness leading to a convulsion. Future
studies with information on children’s temperature
and cause of the temperature is needed to confirm
our findings.
We did not observe an increased risk of febrile
convulsions associated with family history of epi-
lepsy. The odds of having febrile convulsions have
been reported to be significantly higher in childrenwith first-degree and second-degree relatives with a
history of febrile convulsions.11 However, we did not
have specific information about family history of
febrile convulsions.
An important strength of this study is that the
women were interviewed before the hazards of
either smoking or alcohol drinking during pregnancy
were well-known.19,20 Thus, women may have been
less likely to underreport their consumption pat-
terns. Pregnancy is a time when women may more
motivated to quit harmful habits. Among all possible
risk factors reported for febrile convulsion, mater-
nal smoking and alcohol drinking are the most pre-
ventable. Results of this study further reinforce the
necessity of smoking and alcohol cessation programs
with a focus on young women and pregnant mothers.Acknowledgements
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